Background: Measures of clinically meaningful improvement in patient-reported outcomes within orthopaedics are becoming a minimum requirement to establish the success of an intervention.
Hip arthroscopic surgery as a treatment intervention for symptomatic femoroacetabular impingement (FAI) is well established. Outcomes from this preservation surgery have been shown to significantly improve pain and physical function, particularly effective within the athletic population. 3, 26, 37, 41 The change in the patient symptomatic state is evaluated with the use of evidence-based patient-reported outcome measures (PROMs); measurable differences will generally be evaluated using sensitive statistical tests to assess whether the change represents a true treatment difference as opposed to simply occurring by chance. 3, 24 While reports of statistical significance provide important insight and helpful information on the outcomes of specific interventions, this generalized reporting in isolation may be less informative on a case-by-case basis as well as run the risk of finding statistical relationships in the absence of clinical importance to patients and clinicians. 16, 17, 29, 32 The focus therefore on determining a benchmark by which change may be considered clinically meaningful for the individual patient may be more valuable. The concept of the minimal clinically important difference (MCID) was developed with this in mind and attempts to define the smallest change in a treatment outcome that a patient would identify as beneficial 16, 17 and importantly may reflect the level of either an improvement or worsening in outcomes for the patient. 21 The primary purpose of this study was to define the MCID at 2 years postoperatively in a cohort of competitive athletes undergoing hip arthroscopic surgery for symptomatic, sports-related FAI 5 utilizing existing anchor-and distribution-based methods for the MCID calculation. The secondary purpose of this study was to derive a measure of the MCID using the percentage of possible improvement (POPI) method and compare this with existing techniques.
We hypothesized that the change required and the optimal threshold needed to achieve the MCID within this athletic cohort as a whole are variable, depending on the method used and largely dictated by preoperative baseline scores; the assumption was that the MCID should be expected to be greater for those with lower baseline PROM scores. We also hypothesized that the POPI method may have benefits over existing techniques by negating the ceiling effect and minimizing the association with preoperative baseline scores.
METHODS
Analysis of prospectively collected data from our institutional hip preservation registry between January 2009 and October 2016 was undertaken. All participants provided signed consent for the use of their data to be included in our hip registry, which received institutional board approval. Athletes were included in this study if they underwent primary hip arthroscopic surgery for symptomatic, sports-related FAI and were competitively involved in sports (Gaelic football, hurling, soccer, rugby, and athletics) at the time of the initial presentation. Preoperatively, all athletes underwent a physical examination, dual-operator (handheld goniometric) evaluation of hip range of motion (ROM), and standardized radiographic assessment (anteroposterior [AP], false profile, and Dunn views) to quantify the degree of abnormal bony morphology.
Arthroscopic surgery in all cases was performed by a single experienced hip surgeon (P.C.) and consisted of femoroplasty and acetabuloplasty to correct FAI bony abnormalities at the femoral head-neck junction and acetabular rim, respectively. The acetabular labrum was preserved and repaired using a labral cuff repair technique, preserving the chondrolabral interface when possible 4 ; in cases with significant chondrolabral separation, looped repair was utilized. Postoperatively, all athletes completed a standardized rehabilitation program over a 12-week period before returning to training. Standardized radiological views were obtained again at 6 weeks postoperatively to permit the measurement of bony deformity correction.
Internationally validated PROMs were utilized to assess joint-specific and generalized health status preoperatively and again 2 years postoperatively. PROMs specific for MCID analysis consisted of the modified Harris Hip Score (mHHS), one of the most commonly utilized PROMs to assess outcomes after hip arthroscopic surgery, 19 and the 36-Item Short Form Health Survey (SF-36), a health assessment tool focusing on the physical and mental aspects of general well-being. 15 The University of California, Los Angeles (UCLA) activity scale, the Western Ontario and McMaster Universities Osteoarthritis Index (WOMAC), and a general satisfaction questionnaire were administered as additional outcome measures.
Exclusion criteria consisted of adverse preoperative radiographic features including Tönnis grade >1, Perthes disease, dysplasia (defined by lateral center-edge angle [LCEA] <20 ), >40 years of age, and cases undergoing revision surgery within 2 years.
MCID Calculation
MCID values were calculated using 3 anchor-based and 3 distribution-based techniques. For the anchor-based approach, 3 domain-specific questions and 1 general satisfaction question were asked at 2 years after hip arthroscopic surgery: (1) Pain (considered to be one of the most debilitating factors, 13 particularly for athletes): "How well did the surgery on your joint relieve your pain?" (2) Abilities: "How well did the surgery on your joint increase your ability to perform regular activities?" (3) Sports: "How well did the surgery on your hip joint allow you to perform sports activities?" and (4) Expectations: "How well did the surgery on your joint meet your expectations?" Choice responses included "excellent," "very good," "good," "fair," and "poor."
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response indicated a failure to meet this level of improvement. Patients who answered "fair" and demonstrated a detectable increase in PROM scores were assigned to group 1 (improved); all patients answering "poor," regardless of changes in PROM scores, were assigned to group 2 (nonimproved). The MCID according to the anchor-based approach was calculated using 3 methods:
1. The mean change 16 in PROM scores for those athletes in the improved group. 2. The mean difference 33 in PROM score improvements between those who improved (group 1) versus those who did not improve (group 2). 3. A receiver operating characteristic (ROC) curve to discriminate between improved (group 1) and nonimproved (group 2) athletic satisfaction; an area under the curve (AUC) >0.7 was considered to be acceptable and >0.8 considered excellent. 8 The MCID according to the distribution-based approach was calculated using 3 methods: 1. A 0.5 SD, calculated by obtaining half the SD of the measured change in PROM scores. 27 2. The effect size, calculated by multiplying the SD of the baseline score by 0.2 (small effect size). 36 3. The standard error of measurement, calculated by multiplying the SD of the baseline score by the square root of 1 minus the intraclass correlation coefficient. 7
Percentage of Possible Change
The percentage of possible change was determined relative to the direction of PROM scores at 2 years; that is, if athletes' PROM scores increased, then the improvement was calculated as a percentage relative to the maximum achievable improvement for that athlete (POPI). Similarly, if an athlete's PROM scores decreased, this decrease from baseline was calculated as a percentage relative to the maximum possible decrease available to that athlete (POPD). For the mHHS and SF-36, the maximum possible score was 100; the lowest recorded scores for the mHHS (44) and SF-36 (23) in this cohort of athletes were used as the maximal lowest score to improve the accuracy of calculations by avoiding underestimating the POPD value (avoiding an unrealistic maximal score of zero for either outcome test). All cases of improved PROM scores at 2 years were calculated as the following: POPI ¼ (PROM change/(maximum possible achievable score -preoperative score)) Â 100. All cases of decreased PROM scores at 2 years were calculated as the following: POPD ¼ (PROM change/(preoperative score -lowest PROM score)) Â 100. The MCID was subsequently calculated using anchor-based methods (described above).
Impact of Preoperative Baseline Scores on MCID
Athletes who had "fair" satisfaction and an increase in PROM scores (group 1, improved) were divided into 4 different subgroups (A-D) for the mHHS and SF-36 (according to the baseline percentiles). The MCID was calculated using the mean change method (most commonly utilized method for deriving the MCID 1 ) for PROM scores and the POPI from baseline to 2 years postoperatively for each of these subgroups (and specific to each of the 4 anchor-based questions) and analyzed to determine whether an association was evident between initial baseline scores and the calculated value of the MCID. Additionally, the ability for athletes from the entire cohort to achieve a calculated MCID was explored, specifically relative to a baseline threshold PROM score.
Statistical Analysis
The independent-samples t test and chi-square test were utilized to test for differences between groups for the MCID calculation. Nonparametric analysis (median with interquartile range) was performed to examine between-group (Mann-Whitney U test) and within-group (Wilcoxon signedrank test) differences both preoperatively and at 2 years postoperatively. Analysis of variance assessed the relationship of the mean change in PROM scores and the POPI when baseline PROM scores were categorized into percentiles. Threshold analysis was performed using nonparametric ROC analysis with the AUC to identify the baseline PROM score predictive of achieving the MCID. Bivariate analysis was conducted on both outcome measures to determine any factors associated with achieving the MCID for the main representative anchor question (Expectations). Independent variables measured on a continuous scale included age, LCEA, alpha angle (AA), degree of bony resection, and ROM improvement, while categorical measured variables included sex, presence of radiographically measured cam and pincer deformities, labral management (repair or no repair), Tönnis grade, and presence of the crossover sign. Multivariate forward stepwise logistic regression was then performed on all significant variables highlighted through the preliminary bivariate analysis. The baseline PROM score was adjusted for in the multivariable model. All statistical analyses were performed using SPSS Version 25.0 software (IBM); P < .05 was considered significant.
RESULTS

Demographics
A total of 576 athletes were included in this study (96% male). The mean age was 25.9 ± 5.7 years. At the time of surgery, all athletes were regularly involved in competitive sports training and/or competing <3 (15.6%), 3 to 5 (71.3%), and >5 days per week (13.1%), identifying Gaelic Athletic Association (GAA) hurling (46.9%), GAA football (36.5%), soccer (9.7%), rugby (4.9%), and athletics (2.1%) as their main competitive sport. Athletes were reviewed at a mean of 2.4 ± 0.7 years postoperatively (median, 2.1 years [interquartile range, 2.0-2.5 years]).
There was no statistical difference between the proportion of athletes answering "excellent" (P ¼ .855), "very good" (P ¼ .160), "good" (P ¼ .546), "fair" (P ¼ .251), or "poor" (P ¼ .128) for any of the 4 anchor questions. As such, the Expectations anchor was considered representative of the overall level of satisfaction (Table 1) ; there was no statistical difference in baseline demographics between the improved ("fair" satisfaction) and nonimproved ("poor" satisfaction) groups used in the calculation of the anchorbased MCID (Table 1 ).
Radiographic and Hip ROM Evaluation
For all athletes, a localized acetabular rim deformity was observed on the false profile view; 68.8% had an LCEA >30 (37% with >35 ), 5 and in 76.3% of athletes, a crossover sign (standardized AP view) was observed. In 66.6% of athletes, a cam deformity was present, observed in 54.7% on the Dunn view (AA >55 ) and in 57.8% on the AP view (AA >65 ); 77.9% were graded as Tönnis 0 and 22.1% as Tönnis 1. After surgery, the LCEA improved from 34.0 ± 6.1 to 30.4 ± 5.7 (n ¼ 523; P < .001), the AA (Dunn view) from 59.8 ± 12.9 to 50.9 ± 10.0 (n ¼ 408; P < .001), and the AA (AP view) from 68.4 ± 17.5 to 61.4 ± 15.1 (n ¼ 530; P < .001) ( Table 2) .
For all athletes with available preoperative and postoperative ROM assessments (n ¼ 410), there was a highly significant and clinically important improvement in hip motion (P < .001) ( Table 2 ).
PROMs and Overall Satisfaction
There was a highly statistically significant improvement in all outcome scores (P < .001) ( Table 2 ). Overall satisfaction with the surgery at 2 years postoperatively was calculated by determining the mean satisfaction from our 4 anchor questions. Overall satisfaction was described as "excellent" (35.6%), "very good" (32.3%), "good" (16.3%), "fair" (10.6%), and "poor" (5.5%), with 94.5% of athletes indicating that the surgery was beneficial.
MCID Calculation
The MCID for the mHHS ranged from 2.4 to 16.7 using the PROM score change and from 21.6% to 63.6% using the POPI. The percentage of all athletes who improved by the MCID ranged from 72.4% to 86.3% (PROM) and from 72.2% to 82.8% (POPI) ( Tables 3 and 4 ).
The MCID for the SF-36 ranged from 3.3 to 24.9 using the PROM score change and from 22.1% to 57.4% using .204
a Responses from the overall Expectations anchor question ("How well did the surgery on your joint meet your expectations?") were used to define the groups. Data are presented as mean ± SD unless otherwise indicated. AP, anteroposterior; IQR, interquartile range; mHHS, modified Harris Hip Score; SF-36, 36-Item Short Form Health Survey. the POPI. The percentage of athletes who improved by the MCID ranged from 55.2% to 74.9% (PROM) and from 49.9% to 71.8% (POPI) ( Tables 3 and 4 ).
Impact of Preoperative Baseline Scores on MCID
A highly significant difference in the MCID was observed for each of the subgroups (A-D) for the mHHS other than for the Pain anchor (Expectations, P ¼ .014; Sports, P ¼ .018; Abilities, P ¼ .038; Pain, P ¼ .147) and for the SF-36 (Expectations, P ¼ .004; Sports, P ¼ .000; Abilities, P ¼ .002; Pain, P ¼ .014), regardless of the type of anchor-based question used. When the POPI was examined, however, there was no significant difference in scores between groups for either the mHHS (Pain, P ¼ .626; Expectations, P ¼ .487; Sports, P ¼ .898; Abilities, P ¼ .291) or SF-36 (Pain, P ¼ .512; Expectations, P ¼ .417; Sports, P ¼ .148; Abilities, P ¼ .163) ( Table 5 ).
MCID Achievability
The improvement in PROM scores and POPI required to achieve the MCID was 15.2 points and 62.6% and 20.7 points and 57.4% for the mHHS and SF-36, respectively (Table 3) . A total of 29 athletes (5.0%) had a maximal preoperative mHHS score and 2 athletes (0.4%) had a maximal preoperative SF-36 score of 100 points and therefore were unable to achieve the MCID because of the ceiling effect of the PROMs. In 219 athletes (40.0%), the preoperative score was too high for athletes to improve by the MCID for the mHHS and 215 athletes (42.4%) for the SF-36. There were no athletes unable to potentially achieve the MCID when using the POPI method.
Threshold MCID Calculation
The baseline score threshold predictive of achieving the MCID for the mHHS was 80.5 (AUC, 0.937 [95% CI, 0.918-0.956]) for the PROM score change and 86.5 (AUC, 0.694 [95% CI, 0.645-0.744]) for the POPI. For the SF-36, the baseline threshold predictive of achieving the MCID was 70.1 (AUC, 0.949 [95% CI, 0.932-0.966]) for the PROM score change and 72.4 (AUC, 0.733 [95% CI, 0.690-0.777]) for the POPI. Preoperative scores below these threshold values were predictive of achieving the MCID compared with scores above this threshold (Figure 1 ).
Multivariate Regression Analysis
There were no predictive variables for achieving the PROM score-calculated MCID for either the mHHS or 
DISCUSSION
This study consisted of young competitive athletes who underwent arthroscopic correction for symptomatic, sports-related FAI. Arthroscopic FAI correction resulted in highly statistically significant improvements in all PROMs 2 years postoperatively, with 94.5% indicating satisfaction with the outcome of the surgery.
The importance of adequate bony deformity correction and labral repair to achieving postoperative success has been previously documented. 20, 22, 34 In this cohort of competitive athletes, establishing normal radiological parameters and increasing impingement-free hip ROM were important goals to achieving optimal outcomes. The preservation and repair of essential soft tissue structures including the chondrolabral junction, 4 the labrum, 25 and the capsule 10 are central to the success of the procedure.
The objective surgeon-reported outcome measures and PROMs utilized in this study are indicative of a successful outcome at 2 years after hip arthroscopic surgery, but when presented in isolation, fail to demonstrate to what degree improvement is needed for patients to have true satisfaction with their outcome. The MCID is one measure of an important change in a patient's symptomatic state and, by its definition, corresponds to the minimum outcome change that a patient may consider meaningful. 16, 21, 23 In theory, the MCID may be a powerful metric, but in reality, much confusion exists surrounding the best method of its calculation and the true application of this outcome measure in clinical practice.
The mHHS has been previously used to calculate the MCID in patients undergoing arthroscopic FAI surgery. 6, 18, 30, 39 The SF-36 has demonstrated good correlation with the mHHS, particularly the physical component subscale, and has been recommended for use in hip arthroscopic surgery populations in conjunction with a jointspecific instrument such as the mHHS. 31 Benchmarks for the MCID specific to the SF-36 are less well described, particularly within the arthroscopic literature.
Several methods of determining the MCID have been proposed in the literature to date 7, 42 and are broadly assigned to distribution-or anchor-based models. MCID values for the mHHS have been reported ranging from 6.5 to 20.0 at 1 year after hip arthroscopic surgery. 6, 18, 30, 39 The MCID values within our athletic cohort were similarly varied and dependent on the calculation method employed, despite all analyses performed on the single focused population. This limitation in the MCID has previously been reported Terwee et al 38 physical function subscale of the WOMAC when using 5 different MCID methods on the same study population. Clinically significant outcome improvement may continue beyond 2 years postoperatively, 28 and as such, establishing MCID standards at this time point may be more valuable.
Distribution-based methods of determining a level of clinically associated improvement have been extensively used, 27, 30, 32, 39 and the validity of their use depends on high test-retest and interrater reliability as well as internal consistency of the outcome measure being used. 14, 18, 30 There were 3 previously described methods for the calculation of the distribution-based MCID included in this study; there was considerable variation between the scores from each of these methods and also when compared with anchor-based MCID values. A further limitation of utilizing distributionbased methods is the inability to derive the level of patient benefit from the scores, as they are not compared with any measure of meaningful improvement.
For the anchor-based model, we utilized 4 anchor questions (3 domain-specific and 1 general) to establish the MCID; given our cohort of athletes, it was important to include an anchor question based on abilities, sports, pain, and overall expectation from the surgery. Pain and physical function anchor questions, particularly in a younger active population, have previously been shown to be useful for psychometric analysis of clinically meaningful outcome improvement. 29 The number of divisions in the anchor response is arbitrary, but the more response levels included, the smaller the number of patients in each level and the greater the overlap of outcome scores between adjacent levels with less discriminatory value; to minimize this, we included 5 response levels: excellent, very good, good, fair, and poor.
For the MCID to function as a valuable metric, there needs to be adequate discrimination between those who have had meaningful improvement and those who have not. Using ROC curve analysis, our inclusion criteria yielded an acceptable strength of association (AUC >0.7) for the mHHS and excellent strength (AUC >0.8) for the SF-36. However, the arbitrary selection of the number of groups and divisions within the global rating scale and the inclusion criteria of these groups will result in significant variability of the MCID using ROC curve analysis and present major limitations to its use for calculating the MCID in general.
The mean difference method calculates the MCID as the difference between the baseline and postoperative scores for the athletes in the "fair" versus "poor" groups and as a result produced some of the highest MCID values. However, this method will not provide an MCID value that equates to meaningful improvement but a measure of the PROM score difference between those who have improved and those who have not and therefore does not reflect a true measure of the minimal clinically important change.
The mean change method calculates the MCID as the mean change in scores from baseline to postoperatively of the improved group (ie, those with "fair" satisfaction and an improvement in PROM scores); this value signifies a true change from baseline in only those categorized as having a minimal meaningful improvement and as such would seem to be representative of a true MCID.
The anchor-based MCID in this cohort of athletes ranged from 7.5 to 16.7 for the mHHS and from 6.0 to 24.9 for the SF-36. The previously reported MCID using the mean change method for the mHHS was 8, 18 and a net change of 11.31 was reported as slightly improved by Nwachukwu et al. 29 When we considered the mean change in PROM scores in the current study to represent the MCID, we found a change of 15.2 for the mHHS and 20.7 for the SF-36. Given that our cohort consisted of all competitive athletes, a higher value for the MCID might have been expected; however, as the preoperative baseline PROM scores were generally much higher than in similar nonathletic cohorts, 3, 9, 28, 30, 39 the scope for the increase in PROM scores was also lower.
Levy et al 23 performed a meta-analysis to examine the percentage of study populations that met the MCID for the mHHS. Using the MCID value of 8, 18 they observed that 97% of the study populations had a mean change from preoperative to postoperative scores greater than the MCID of 8. In Levy et al's meta-analysis of publications, primarily from the United States, the mean preoperative mHHS score was 61 ± 9.3, increasing to 83 ± 8.2 (a mean increase of 22 points). In our athletic cohort, the mean preoperative baseline score for the mHHS was 81 ± 12.0; despite increasing to a much higher postoperative score of 95 ± 8.1, this represents a smaller mean increase of 14. The comparison of the meta-analysis 23 and our study highlights the difficulty in using an MCID value derived from one particular method in different study populations and generalizing across multiple study cohorts. The higher the mean preoperative baseline PROM score, the lower the possible mean change and less likely to be able to meet the MCID. Furthermore, even within a similar demographic as represented in this athletic cohort, the MCID as a measure of mean change is highly variable between subgroups relative to the baseline score. We were able to show this in the current study through significant differences across all 4 anchor questions for the SF-36 and 3 of 4 anchor questions (Expectations, Sports, and Abilities) for the mHHS. The MCID ranged from 10.7 to 21.0, with those subgroups with the lowest mean preoperative scores having the highest mean change (MCID) postoperatively and those with the highest mean preoperative scores having the lowest mean change (MCID). This clearly demonstrates that the MCID using the mean change method (and therefore also the mean difference method) is highly dependent on preoperative baseline scores.
The concept of utilizing the percentage change as a measure of meaningful improvement has been previously described: Farrar et al 11 The POPI considers how much patients have actually improved as a percentage of the maximum scope for improvement available to them relative to their preoperative symptomatic state, objectively measured with the use of validated PROMs. Gilmer et al, 12 in their study, used a similar concept of the percentage of total possible improvement to identify patients achieving a preselected MCID threshold value of 30%. In this study, however, the POPI and POPD were utilized specifically to calculate an actual MCID value; the MCID ranged from 21.6% to 63.6% for the mHHS and from 22.1% to 57.4% for the SF-36. The POPI method removes the inaccuracy associated with a mean improvement score or threshold particularly when trying to associate a subjective clinically meaningful satisfaction rating to an objective postoperative outcome measurement tool. The MCID represented through mean change as a POPI was not significantly different between any of the subgroups determined through preoperative baseline scores for either the mHHS or the SF-36. This demonstrated that the POPI method of calculating the MCID was independent of preoperative baseline scores.
The baseline and postoperative scores for the mHHS in this study are higher than in many similar studies, indicating that athletes may have a higher baseline score when compared with a more general population. The ability to achieve the MCID may be limited by a high preoperative baseline PROM score. In this study, 40.0% of athletes were unable to achieve the MCID for the mHHS and 42.4% of athletes were unable to achieve the MCID for the SF-36 because of a combination of high preoperative baseline scores and ceiling effects of PROMs in which a traditional method of the MCID calculation (mean score change) was utilized. The POPI introduced in the current study represents a more versatile method of determining the MCID, and by comparison, there were no athletes (0%) unable to potentially achieve the MCID utilizing this method, allowing for a more accurate consideration of overall success in which all surgical patients can be considered and followed up.
Limitations
A large number of competitive athletes were included in the overall cohort to allow for sufficient numbers in the "fair" improved group to permit the accurate calculation of the MCID; this required an extended study period for inclusion. Over this period, subtle changes in surgical techniques have evolved including preservation of the chondrolabral interface, labral cuff repair technique, and progressive introduction of capsular repair; these changes may have contributed to changes in clinical outcomes and the MCID, which were not specifically evaluated. In this cohort of competitive athletes, the mean preoperative baseline outcome scores were higher than those in other published studies, and expectations from surgery may be higher; as such, the results of this study may not be representative of a more generalized surgical population.
